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Abstract 


Banana is an excellent nutrient source, grown mainly in tropical and subtropical humid regions and the fruits are available 
throughout the year. Dessert bananas are primarily consumed fresh or used in several desserts when completely ripe, while 
plantains are culinary bananas, which are utilized for cooking purposes. Consumers frequently choose one type over another 
depending on the quality preference. Both banana and plantain belong to the genus musa. Dessert banana is a popular fruit 
because of its flavor, texture, and high convenience value. Plantains have a high nutritional value since they contain resistant 
starch, phenolic acids, minerals, and vitamins A and C that benefit human health. Banana is an excellent source of vitamin 
B6. The positive health benefits of bananas in reducing and treating disease conditions such as ulcers, infections, diabetes, 
diarrhea, and colitis have recently sparked a research interest in its utilization. Technological aspects of various common 
processed products of banana such as puree, jam, chips, flour, starch, juice, and wine are covered under the present review. 
Banana being the highest biomass generating fruit crop also yield substantial amount of waste during the growth and after 
harvesting of fruits. The aspects of possible and effective utilization into various byproducts are emphasized. Considering the 
facts of the covered global scenario of banana production and productivity, with the help of little efforts may assist in solving 
global hunger problem to a significant extent. 
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cavendishii) is sweeter and less starchy than M. paradisiaca, 
but true banana (M. sapientum) is generally consumed raw 
when completely ripe [1]. 


Introduction 


Banana (Musa species) is one of the world’s most widely 
grown tropical fruits. The ripe sweet and yellow bananas are 


known as dessert bananas. At the same time, plantains are The Musa cavendish is the most marketed, high-yielding, 


generally consumed as green bananas and, known as culinary 
or cooking bananas differ in their physical appearance and 
taste. Several banana varieties are grown worldwide, with 
three common species musa as (Musa cavendishii, Musa 
paradisiaca, and Musa sapientum). Dessert banana (M. 
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and resistant to environmental change. It is referred to as 
Kalpatharu. Bananas are monocotyledons and belong to the 
family Musaceae. They are tree-like herbs, two to nine meters 
with an underground rhizome or corm, a pseudo stem 
composed of leaf sheaths, and a terminal crown of leaves 
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through which an inflorescence emerges. Some seven to nine 
months after planting of sucker, an inflorescence emerges 
at the apex of the pseudo stem. Fruits may be suitable for 
harvest after 90-150 days of inflorescence emergence. 
Absence of pollination, parthenocarpy fruits with seedless 
pulp is produced. The fruit is easily digestible and is an 
excellent food for people with gastritis and other stomach 
problems. The male flower bud and the central pseudo stem 
are used as vegetables. The pseudo stem juice is claimed to 
help with kidney stones, while the leaf sheaths are used in 
fiber and paper industries. 


Because of their nutritional value, dessert bananas are 
famous in current westernized diets. Green banana products 
have been investigated to minimize waste generation and 
enhance the bioavailability and use of nutrients found in 
this fruit. Green banana products are becoming increasingly 
popular owing to their nutritional value and physiological 
advantages to human health. With the emergence of gluten- 
related illnesses, some of which have been known for a long 
time, such as celiac disease and dermatitis herpetiformis, 
and others, such as gluten sensitivity, it has become critical to 
extending the gluten-free food market. Using green bananas 
and their derivatives as a wheat or gluten substitute in food 
could be an exciting option. Green bananas may be used 
to produce biomass, banana flour, beverages, and chips. 
Green banana is used in gluten-free food manufacturing, 
which might improve these goods’ nutritional, sensory, and 
technological quality and make them more available to the 
target market at a cheaper cost. Green bananas appear to be 
an excellent source of fiber, vitamins, minerals, and bioactive 
substances, including phenolic compounds and resistant 
starch (RS), all of which contribute to the health advantages 
that make them a functional food. 


History and Domestication 


In Sanskrit literature, such as the Ramayana, Kautilya’s 
“Arthashastra,” and the Tamil classic “Shilappadikaram” [2], 
there is a definite reference to banana. According to specific 
evidence, banana cultivation may have been common in 
Harappan civilization (2500-1900 BC). Such research might 
yield compelling evidence for the ancient spread of bananas 
in Southeast Asia. Bananas are described in Greek texts from 
327 BC in the Indus Valley during Alexander the Great’s 
journey to India [3,4]. According to most botanists, bananas 
are thought to have been brought to Arabs from India through 
the Middle East and to North America. The Portuguese and 
the Spanish had a vital role in the global spread of bananas 
and plantains, particularly in America [5]. This evidence 
points to the presence of bananas in India as early as the 15th 
century. According to historical evidence, the Arabs brought 
the banana from India to Palestine and Egypt in the seventh 
century AD. The seedless edible bananas evolved from seeded 
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wild species through a complex process. Recent genomic 
investigations have indicated that the process entailed a 
lengthy hybridization phase involving a variety of species 
[6]. Thousands of musa species with significant genetic 
variation were engaged in the evolution process, indicating 
that it may have many origins. In situ hybridization methods 
utilizing DNA probes that can identify the A and B genomes 
have revealed that the whole set of X = 11 chromosomes of 
the A genome are present [7], and most cultivars contain 11 
chromosomes with complete genomes. In situ hybridization 
was used to show that the variety “Pelipita” (2n=3 X=33) had 
8 A genome chromosomes and 25 B genome chromosomes 
instead of 11 A and 22 B genome chromosomes as expected 
in the ABB type, whereas two other AAB plantain types with 
33 chromosomes had more than 11 B genome chromosomes 
[8]. This study also confirmed the existence of complete “S” 
and “T” genomes from Musa schizocarpa and Musa textilis, 
respectively. 


Botanical and Taxonomic Classification 


Bananas are Musa species native to Southeast Asia, 
although they are now widely cultivated in all tropical nations 
for their fruit, fibre, and leaves. Banana plants are sometimes 
mistaken for trees because they are tall and robust, however 
their primary or upright stem is actually a pseudo stem 
(meaning “false stem”). The botanical classification of banana 
is - 

Kingdom: - Plantae 

Sub kingdom: - Tracheobionta 
Super division: - Spermatophyta 
Division: - Magnoliphyta 

Class: - Liliopsida 

Sub class: - Zingiberidae 

Order: - Zingiberidae 

Family: - Musaceae 

Genus: - Musa 


Bananas are large monocotyledons native to warm, 
humid parts of South Asia. They are placed by Huchinson in the 
order Zingiberales, while by Bentham and Hooker in Genera 
Plantarum, they are classified in the order Scitamineae. Musa 
belongs to the Musaceae family, which includes the genera 
Musa and Ensete. The genus Musa is split into four divisions, 
two of which, Callimusa and Australimusa, have species 
with chromosomal numbers of 2n = 20. The fundamental 
chromosomal number of the other two parts, Eumusa and 
Rhodochlymus, is 2n = 22. Rhodochlymus and Callimusa are 
aesthetic plants with no edible fruits; however, Australimusa 
contains M. textilis, which is used to produce Manila hemp. 
The fundamental chromosomal number of the other two 
parts, Eumusa and Rhodochlymus, is 2n = 22. Bananas are 
monocotyledon, large plants native to warm, humid regions 
of South Asia. Edible bananas were previously classified as 


Copyright© Prasad K, et al. 


3) 


M. paradisiaca L. for plantain and M. sapientum L. for banana 
(Linnaeus), but were subsequently shown to be hybrids of 
two major species, M. acuminata and M. balbisiana, based on 
15 morphological characteristics [9]. The section Eumusa 
and its group of plants gave rise to all banana and plantain 
cultivars. This is the largest and most widely distributed 
genus section. Based on numerical taxonomy, the section 
comprises 11 species [10]. 


The edibility of diploid M. acuminata (AA) fruits 
arose from two mutation events involving female sterility 
induction and parthenocarpy. These diploids may have 
evolved through crossings between edible diploids and 
wild M. acuminata subspecies, resulting in a wide range of 
AAA cultivars (Table 1). People may have brought diploid 
and triploid acuminata cultivars to areas where balbisiana 
was discovered, resulting in natural hybridization and the 
development of novel hybrid progenies with various genome 
compositions such as AB, AAB, and ABB. Human influence 
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was considered to have caused the later dispersion of these 
edible bananas from Asia. Eumusa and Rhodochlymus are 
found in Assam (India) and Thailand, whereas Callimusa 
and Rhodochlymus are found in Borneo and its neighboring 
islands, as well as Indonesia. Australimusa is mostly found in 
the islands of Malaya. Musa acuminata subspecies are mostly 
found in Assam, Indo-China, the Malayan Islands, and Papua 
New Guinea, which is also the major source of farmed AA 
kinds. M. balbisiana was found in the islands of Ceylon, India, 
Burma, Siam, and Malaya, where the Ax B hybrids developed. 


Almost all cultivated banana and plantain variants are 
hybrids and polyploids of Musa acuminata Colla (genome 
A) and Musa balbisiana Colla (genome B), two wilds, seeded 
banana species (genome B). They are divided into categories 
depending on the number of chromosomes in the plant, 
whether it is diploid, triploid, or tetraploid, and a genome- 
based classification [11] with 15 distinct characteristics. 


Genome ; ate 
Group Species Subgroups Characteristics 
Edible diploids, such as AA cultivars, 
; are highly sweet, but they have 
a Muse acuminata (A) been subplanted by more producing 
triploids. 
AB Musa acuminata (A) and : 
Musa balbisiana (B) 
Breeders have been able to use 
: d : cultivars’ residue fertility to develop 
AAA Musa acuminata (A) Cavendish, East a ticay encod panels better hybrids despite the fact that they 
and Gros Michel : ‘ ae 
are basically sterile and reproduction is 
vegetative through suckers. 
AAB Musa acuminate (A) and Tholena, Maoli-Popoulu, Mysore, ; 
Musa balbisiana (B) Plantain, Pome and Silk 
Musa acuminata (A) and It’s a drought-resistant plant that grows 
Bue Musa balbisiana (B) Blugece aggressively. 
Dessert types are similar to “Gros 
Michel” (AAAB): FHIA-17, FHIA-23, and 
Becca ee to “Pome” Breeding programs have resulted in 
AAAB, AABB, | Musa acuminate (A) and wp * : is cultivars that are resistant to Fusarium 
es (AAAB): FHIA-01 or “Goldfinger,” FHIA- : : 
ABBB Musa balbisiana (B) wilt black Sigatoka and adapt well toa 
ebpand. sd 3620. variety of climates 
Cooking types similar to “Bluggoe” y , 
(AAAB): FHIA-20 and FHIA-21. Special 
bananas: SH-4001. 


Table 1: Botany of banana species along with sub-groups and characteristics [12-17]. 


Production 


India is the second largest producer of horticultural crops 
and pioneer in banana production with the contribution of 
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more than 25% (30.808 MMT) share in the world. Out of 
total cropped area of 197.016 Mha, 74.02% area is under the 
cultivation for the food crop, 3.67% for fruits and only 0.40% 
share for the banana cultivation [18]. Comparative year wise 
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growth of India in respect of Asia and Word for the area, 
production and productivity of banana are represented in 
Figure 1. Although productivity of banana in India (34.86MT/ 
ha) is well below Indonesia (51.19MT/ha) but is well ahead 
figure of Asia and World. The comparative productivity of 
fruits, vegetable and banana are presented in Figure 2 [18]. 
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The productivity of banana is far beyond the productivity of 
either fruits or vegetable in global scenario [18]. Considering 
the fact if banana cultivation is emphasized then the problem 
for the availability of fruits and vegetable will be solved 
considerably being banana is used as fruits and plantain for 
vegetable as well (Figure 3). 


Va 


XQ 


Figure 1: Year wise comparative 
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Figure 3: Year wise comparative area under banana cultivation, production and yield for fruits, vegetable and banana. 
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Comparative state wise banana production is presented 
in Figure 4 with the comparative productivity performance 
of different states in Indian scenario (Figure 5) [19]. It 
further revealed that the productivity of banana in many 


states is above the global highest productivity. Following 


rc 


10000 


8000 


6000 


4000 


Production, Thousand Tonnes 


2000 


011-12 


Lind @ 
S$ § 
© ~n 
S S 
Ss Ss 
N N 


2008-09 
2009-10 
2010-11 
2012-13 

13-14 
2014-15 
2015-16 


2 


Year of Production 


2016-17 


2017-18 


Andhra Pradesh 
Gujarat 
Maharashtra 
Tamil Nadu 
Uttar Pradesh 
Karnataka 
Madhya Pradesh 
Bihar 

West Bengal 
Kerala 

Assam 
Chattisgarh 
Orissa 

Mizoram 
Nagaland 
Tripura 
Meghalaya 
Manipur 


Figure 4: Year wise comparative state wise production of banana in India. 
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the cultivation practices of those states may further improve 
the banana production substantially in India, which can be 
a potential effort toward solving global hunger problem to 
some extent. 
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Banana Plant and Fruit Growth 


During banana plant growth, there are two distinct 
phases: a vegetative phase indicated by leaf emission and a 
reproductive phase represented by bunch emission. 


Banana plants are giant perennial monocotyledon 
herbs that grow to be 2-9 m tall and 20-50 cm wide, 
depending on the type, while wild variants like Musa 
genus may grow to be 15 m tall and 80 cm wide (Figure 
6). The root system of all monocotyledons is adventitious, 
extending out as far as 5.5 meters laterally and producing a 
thick mat mostly in the first 15 cm of the soil. Aerial shoots 
emerge from the lateral buds of the corm, developing into 
eyes and subsequently suckers. Sword suckers have narrow 
leaves and a large rhizome, with a strong connection to 
the mother plant coming from deep axillary buds in the 
mother rhizome; while water suckers have broad leaves 
and a small rhizome, with a weak connection to the mother 
plant coming from buds closer to the surface. The follower 
or ratoon is the sucker chosen to replace the mother plant 
after fruiting. It is the one that develops rapidly at the 
furthest distance from the mother plant since it is the first 
to emerge and grow quicker. This allows the crop alignment 
to be sustained. The above-ground “trunk” is a pseudo stem, 
which is made up of huge overlapping leaf bases firmly 
coiled in an anticlockwise spiral to produce a cylindrical 
structure [20]. A “stalk” (petiole) and a blade make up the 
leaves (lamina). For a bunch of fruit to mature properly, 
it needs at least 8-10 functioning leaves. In the summer, 
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banana leaves can unfurl at a pace of one per week, but in 
the winter, just one per month is possible in the subtropics 
[21]. Since it emerges from the foliar crown, the leaf takes 
between six to eight days to fully unfold. Plantains are 
yellowish-green with brown spots, but sweet bananas 
are mainly green to dark green with black markings [22]. 
The meristem of the apical bud, which initially gives rise 
to the leaves, then elongates up through the pseudo stem, 
and a large terminal inflorescence (a compound spike of 
female, pistillate) develops 6-9 months after planting in 
the tropics or 8-10 months in the subtropics, about the 
time the eleventh-last leaf has been formed (only one 
for each pseudo stem). The ovary in cultivated bananas 
develops into a seedless fruit by parthenocarpy (without 
being pollinated), whereas male flowers generate pollen 
that is more or less fertile, and hermaphrodite or neutral 
flowers do not grow into fruit and do not produce pollen. 
Before being shed, the bracts unfold in order (one per day) 
from the base to tip and bend backward. The male flowers 
are generally lost when the hands of fruits grow from the 
female flowers, leaving the peduncle naked except for the 
very tip, which has a “male bud” holding the last-formed 
male bracts and flowers. The number of hands in the bunch 
ranges from 4 to 30 depending on the crop’s genotype, crop 
cycle, climatic circumstances, and agronomic management. 
Thus, the weight of a Cavendish AAA bunch varies from 15 
to 70 kg depending on the number of fingers per hand (10- 
30), but a Williams AAA weighs approximately 40 kg with 
an average of 12 hands and 22 fingers per hand [23]. 
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Figure 6: Representation of various parts of banana plant. 
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Each fruit is classified as a berry. The skin, also known 
as the peel, is a fusion of the pericarp’s hypanthium (floral 
receptacle) and outer layer (exocarp), and it is readily 
separated from the fleshy pulp that comes mostly from the 
endocarp. The tepals, style, and staminodes abscise during 
the growth of the fruit from the ovary, producing a distinctive 
calloused scar at the fruit’s tip. The shape of the fruit apex, 
which might be tapered, rounded, or blunt, can be utilized 
to identify different kinds. The cultivar determines common 
bananas color, size, shape, texture, and flavor. Fibrous skin 
varies in thickness and can be green, yellow, or red in color. 


Composition of Banana 


Banana is one of the most cost-effective food crops. The 
nutritional value of banana, like that of any other food, is 
determined by a number of factors, including its maturity, 
the climatic circumstances in which it is cultivated, the soil 
quality, and, most importantly for the banana, the amount 
of sugar it contains (Tables 2-4). The carbohydrate, fat, and 
protein components of a food determine its energy worth, 
with the carbohydrate portion being the most important in 
the case of the culinary banana. Starch and sugars make up 
the majority of the carbohydrate in a banana. 


According to research, the nutritional contents of culinary 
banana Musa ABB are altered by several growing phases. The 
pulp-to-peel ratio and total soluble sugars indicate that 50 
DAE (days after emergence) is the best time to harvest [24]. 
Bananas are plucked when they become 75-80% mature in 
order to transport them across great distances, which takes 
around three weeks. The plantain is a considerably starchier 
food than the banana, the plantain contains 66% sugar and 
17% starch [25]. 


; Culinary Banana Dessert Banana 
Nutrients : : 
(unripe) (g) (ripe) (g) 
ee 59.40 -74.00 74.00- 75.70 
content 
Carbohydrates 24.40 - 47.42 21.80- 23.20 
Proteins 1.00 - 12.71 1.10- 1.20 
Fats 0.20- 6.69 0.20- 0.30 
Dietary fiber 0.50- 15.48 0.50- 2.00 
Ash 0.90- 6.86 0.50- 0.80 


Table 2: Basic nutritional composition of culinary and 
dessert banana (per 100 g) [25-32]. 


Vitamin Culinary Banana Dessert 
(unripe) (mg) | Banana(ripe) (mg) 

Thiamine (B1) 0.05- 0.08 0.04-0.60 
Riboflavin (B2) 0.04-0.05 0.07-0.23 
Niacin (B3) 0.60-0.70 6.1-12.10 
een 0.26- 0.37 0.28-0.70 
ey 0.42-0.51 0.47-3.20 
Ascorbic acid 11.00-20.00 3-11.7.00 
Folic acid - 0.023-0.95 
B- carotene 0.03- 1.20 0.068-2.00 


Table 3: Vitamins in culinary and dessert banana (per 100 


g) [17,26-37]. 
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Mineral Culinary Banana Dessert 
(unripe) (mg) Banana(ripe) (mg) 
Sodium 2.00 - 4.00 0.50-1.00 
Potassium 440 - 500 385- 400 
Calcium 3.00 -13.20 7.00-8.00 
Magnesium 3.43 - 40.00 30.00 - 34.00 
Iron 0.50 - 3.34 0.10 - 0.42 
Phosphorus 30.00 - 35.00 22.00 - 28.00 
Zinc 0.10 - 1.33 0.18 - 0.20 


Table 4: Minerals in culinary and dessert banana (per 100 
g) [17,26-37]. 


Major Constituents 


Water 


The most common element in the pulp and peel of a 
banana is water, and the pulp of a banana contains more water 
than the pulp of a plantain. Due to respiratory degradation of 
starch and osmotic transfer of water from peel to pulp, the 
water percentage in the pulp increases during ripening. The 
stomata, which are equivalent in number in plantains and 
Cavendish bananas, remain functioning during ripening. As 
a result, the stomatal opening closes when the fruit is stored 
in saturated water vapor. Low atmospheric pressure causes 
the epidermal and stomatal tissues to degrade, decreasing 
gaseous exchanges. During ripening, transpiration, which 
contributes to the apparent loss of water from the peel, 
follows a pattern like climacteric respiration. 


Carbohydrates 


Almost all of the carbohydrate at the pre-climacteric 
stage, when bananas and plantains are typically harvested, 
is in the form of starch. The overall carbohydrate content is 
gradually decreased (to offer a fuel source for respiration) 
and the starch is subdivided into reducing and non-reducing 
sugars during successive ripening [38]. Beta-amylase activity 
in green fruits is higher than alpha-amylase activity, but 
phosphorylase activity is relatively low [39,40]. A significant 
rise in alpha-amylase activity has been reported during 
starch breakdown [41]. 


During ripening, there is a noticeable rise in the quantity 
of total sugars in both the skin and the pulp. The conversion 
of starch to sugars is the most noticeable change in fruit pulp 
during ripening, and peel colour is strongly connected to the 
starch: sugar ratio. The ratio of sugars in the early stages of 
ripening is around 65:20:15 (sucrose: glucose: fructose), 
suggesting that sucrose comes first, and hexose sugars 
appear later. Sucrose is the main sugar during early stages of 
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ripening, while glucose and fructose take over later [42]. The 
maximum time for starch to sucrose conversion is two days 
following the ethylene peak? The amount of carbohydrate lost 
through respiration is little, and total carbohydrate remains 
relatively stable during the ripening process. Many enzymes 
appear to be involved in the entire conversion process, and 
fructose 2, 6-bisphosphate appears to control the beginning 
of enzymatic starch hydrolysis during the ethylene peak. 


The starch content of plantains is higher than that of 
dessert bananas. Dessert bananas’ starch practically vanishes 
at full maturity, but plantains’ starch breakdown and sugar 
synthesis continue in completely ripe and even senescent 
fruits. During ripening, the starch content of the peel and 
pulp decreased significantly. In the peel, the decrease was 
more severe. During ripening, the concentrations of cellulose 
in the skin and pulp remained rather unchanged. 


Proteins 


In plantain and dessert banana protein is present in small 
amount. The 16 amino acids were discovered in plantain 
pulp protein hydrolysates. The latter was exceptionally high 
in arginine, aspartic acid, and glutamic acid; their contents 
increased significantly throughout ripening. The percentages 
of several amino acids such as lysine, methionine, histidine, 
proline, and phenylalanine increased as the pulp ripened, 
but the quantities of alanine and threonine decreased 
slightly. Methionine deficiency was discovered in plantain 
pulp. Cysteine and tryptophan were noticeably missing. Also, 
low amounts of valine, threonine, and isoleucine were found 
[25]. 


Lipids 


Polyunsaturated fatty acids, particularly linolenic 
acid, make up the majority of the lipid constituents. There 
is no cholesterol. Although the degree of saturation rises, 
the lipid content remains nearly constant throughout the 
ripening process. During the pre - climacteric phase, lipids 
are extensively hydrolyzed and resynthesized, with palmitic, 
linoleic, and linolenic acid concentrations rising sharply 
before the climacteric. Because these acids are involved in 
the biogenesis of aroma components, their concentration 
decreases as the maximal scent is produced. 


Banana contains unsaturated fatty acids, especially 
linoleic and palmitoleic acids, dropped by nearly 3-fold in 
the pulp, whereas stearic acid increased by more than 2-fold. 
Unsaturated fatty acids reduced in both the pulp and the peel 
as the fruit ripened. The banana peel has about four times 
the amount of lipid as the pulp [43]. 
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Minor Constituents 


Vitamins and Minerals 


Plantains have a higher vitamin A concentration than 
bananas and the B vitamins thiamine, niacin, and riboflavin 
are found in equal amounts in both plantains and bananas. 
Vitamin B6 and vitamin B5 being especially abundant in 
banana pulp when compared to other fruits. Vitamin C 
is abundant in bananas. It’s crucial to remember that the 
vitamin C content of a food is decreased over time and 
through a variety of cooking techniques. Plantains can lose 
up to 70% of their vitamin C value when peeled and cooked. 
With a decrease of only 47%, roasting looks to be asomewhat 
superior approach [28]. 


Bananas and plantains also have a low sodium and high 
potassium content, which is important in terms of nutrition. 
Bananas and plantains have more than double the amount 
of potassium in their mature pulp than most other tropical 
fruits. Potassium is essential for muscle growth (potassium is 
an essential nutrient that aids in electrochemical regulation 
and nerve signal transmission) and blood pressure 
regulation (potassium relieves blood vessel tension and 
lowers blood pressure). The sodium-potassium pump is an 
active transport mechanism that uses the energy generated 
by sodium, potassium, and ATPase to remove sodium from a 
cell and bring potassium in, allowing the cell to sustain a low 
sodium concentration and a high potassium concentration 
in relation to the surrounding medium. This allows system 
to maintain a good balance between sodium and potassium 
concentration [44]. 


The peels had greater amounts of iron, calcium, 
magnesium, phosphorus, and copper than the pulps at all 
stages of ripening. Both culinary and dessert bananas have 
a high magnesium content. Magnesium regulates glucose 
transport across cell membranes as a cofactor of hexokinase 
and pyruvate kinase. Iron and zinc are found in low amounts 
in plantains and dessert bananas. Iron is a key component 
of hemoglobin, as well as the immune system’s and energy 
production’s appropriate functioning whereas, zinc regulates 
insulin synthesis in pancreatic tissues as well as glucose 
consumption in muscles and fat cells [45]. 


Organic Acids 


Organic acids are naturally occurring chemicals in 
bananas that contribute to the fruit’s acidity. The pH of the 
peel and pulp during harvest ranges between 5.4 and 6.0, 
although the pulp’s free acidity is greater. Both the pulp of 
Cavendish bananas and the free acidity of plantains rise 
as they ripen, with the pH dropping until it reaches 4.0 at 
the fully ripe stage, and then steadily increasing thereafter. 
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Citric, malic, and oxalic acids, as well as oxaloacetic, succinic, 
cis- and trans-aconitic, aspartic, pyruvic, glyoxylic, glutamic, 
and adipic acids, have the greatest amounts among the many 
other organic acids found in the pulp [46]. 


Organic acid levels drop as fruit ripens, coupled with 
the buildup of sugars in the flesh. The fluctuation in malic 
acid is related to the fruit’s respiration rate. It rises until the 
ripening process begins, then drops. The most prevalent 
organic acids in banana flesh were malic acid and citric acid. 
Citric acid predominated at the fully green stage, while malic 
acid predominated at the totally yellow stage [47]. 


Pectin 


Water soluble pectin in bananas increase as they mature, 
which is one of the main reasons bananas get softer as they 
ripen. The relative concentration of fructose in contrast to 
other sugars grows as their water-soluble pectin rise. This 
increase in water-soluble pectin and relative fructose content 
helps regulate carbohydrate digestion and moderates the 
blood sugar impact of banana intake. The softness of the 
tissues is linked to the formation of pectic compounds. Under 
the control of the pectin methylesterase, protopectins (0.2-0.5 
percent of the fresh weight) are hydrolyzed to soluble pectin 
and pectates during ripening. And its activity stays constant 
throughout the ripening process. Cavendish banana (dessert 
banana) pulp has three times more cellulose than lignin at 
full maturity, with non-cellulosic insoluble polysaccharides 
being most prevalent fibre component [27]. 


Pigment 


Chlorophylls and carotenoids are the most common 
pigments found in banana and plantain peels. The colour of 
the peel changes from dark green to bright yellow as it ripens, 
due to the breakdown of chlorophyll, which progressively 
reveals the carotenoid pigments present in the unripe peel 
[48]. As a result, the colour changes are largely due to the 
yellow pigments being revealed. These processes are easily 
triggered at controlled ripening temperatures of 16-18°C, 
but when ripening happens spontaneously at temperatures 
over 25°C, chlorophyll degradation is inhibited while the 
pulp rapidly ripens. 


Flavors 


The development of the flavour of banana and plantain is 
influenced by changes in phenolics, carbohydrates, and acids 
as they ripen. However, many additional compounds are 
involved. The amyl esters and butyl esters were responsible 
for the fruit’s unique banana flavour and scent, as well 
as a fruity flavour and aroma [49]. Other esters, as well as 
aldehydes, alcohols, and ketones, have been linked to fruit 
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flavour, and their synthesis rates have been shown to rise 
throughout banana ripening [50]. 


Phytochemicals 


A phytochemical is a natural bioactive molecule found 
in plant food that protects against illness by interacting 
with nutrients and dietary fiber. High amounts of phenolic 
chemicals may be found in banana and plantain, particularly 
in the skin [51]. 


The major phytochemicals present in banana are 
alkaloids, flavonoids, tannins, and polyphenols. Phenolics 
like tannins cause the astringency of bananas before they 
ripen, as well as certain browning processes. They are 
mostly found in the pulp and peel’s latex vessels. It is used to 
treat wounds also. As fruit ripens, its astringency decreases, 
which appears to be due to a change in the structure of 
tannins, rather than a decrease in their concentration, in that 
they form polymers [51]. When the pulp of fruit (especially 
immature fruit) is cut, phenolics are also responsible for the 
oxidative browning reaction. This process is catalyzed by the 
enzyme polyphenol oxidase [52]. 


Flavonoids decrease hyaluronidase activity and aid in 
the maintenance of connective tissue proteoglycans. This 
would inhibit bacterial or tumor metastases from spreading. 
Catechin is an antioxidant that is resistant to oxidation. 
Gallic acid has a hepatoprotective and antioxidant action. 
p-Coumaric acid has antioxidant effects as well as the ability 
to lower the incidence of stomach cancer. Quercetin improves 
blood flow, which benefits cardiovascular health. Ferulic acid 
is an antioxidant that also has antibacterial, anti-allergic, 
and antiviral properties. Trans-alpha and beta carotene are 
vitamin A precursors that lower cancer and cardiovascular 
disease risks. Lung cancer may be reduced by cryptoxanthin 
(a food colorant). 


Serotonin is present in higher amount. The presence 
of greater levels of serotonin in the pulp of ripe bananas 
generates a sense of well-being and pleasure. The dopamine 
and norepinephrine levels in bananas are likewise 
high. Dopamine lowers oxidative stress in the blood. 
Catecholamines aid in the elevation of blood pressure, 
glucose levels, and the pace of pulse. Beta-sitosterol has the 
ability to lower cholesterol levels in the blood [53]. 


Health Benefit of Banana 


Banana is a good source of nutrient and helps in 
maintaining good health (Figure 7). Green bananas are a 
good source of fiber, resistant starch, vitamin A, vitamin B6, 
vitamin C, and potassium, among other nutrients. Banana 
flour, produced from dehydrated or naturally dried green 
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bananas, is used as a gluten-free alternative in various 
recipes. 


ROLE IN EFFECTIVE AGAINST 
DIGESTION CANCER 
ROLE IN ENZYMATIC ROLE IN 
ACTIVITIES CARDIOVASCULAR 
DISEASE 


ROLE IN KIDNEY 
AND BONE HEALTH 


ROLE IN HUMAN 
GENE 


WEIGHT AND DIABETES 


MANAGEMENT ROLE IN MUSCLE 


BUILDING 


ANTIOXIDANT 


Figure 7: Potential health benefits of banana. 


Anti-Diarrheal Activity 


Children’s diarrhea is a frequent gastrointestinal issue. In 
certain trials, a green banana diet has been proven to reduce 
diarrhea activity, and infants with a history of diarrhea have 
been effectively cured after eating cooked green bananas. 


Cooked green bananas were given to 73 toddlers aged 
6-60 months infected with intestinal Shigella, resulting in 59 
% of the children having no mucus within 5 days, according 
to a study. After five days, 96% of the participants had no 
fecal blood and a considerably lower quantity of stools each 
day. According to this research, green bananas might be used 
as a supplement in the treatment of Shigellosis [54]. Green 
banana flavonoids and saponins may have anti-diarrheal 
properties by reducing intestinal motility and hydro 
electrolytic secretion and preventing histamines’ production. 
Green banana flour, high in resistant starches, has anti- 
inflammatory properties in the intestine. Green bananas 
are said to offer anti-ulcer properties, which are linked to 
the flavonoid leucocyanidin as the active component. When 
given orally, leucocyanidin extracted from green bananas 
and synthetic leucocyanidin enhanced the thickness of 
gastrointestinal mucus in aspirin-induced gastric ulcer mice 
[55]. Banana leaf extracts from several Musa banana species 
exhibit antibacterial properties, with Musa paradisiaca and 
Musa acuminata being the most effective against multidrug- 
resistant nosocomial infection pathogens [56]. 


Antioxidant Effect 


Banana, which are high in Vitamin C, are a strong 
antioxidant. Vitamin C serves an essential role in the body, 
such as tissue repair and growth. Some of the key functions 
of Vitamin C in the human body include antioxidant action, 
aiding or stimulating specific enzymes, hormone activation, 
collagen production, phagocytic function of leukocytes, 
hydroxylation of proline, and nitrosamine generation [31]. 
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The presence of antioxidant compounds such as 
dopamine and ascorbic acid and banana consumption have 
been linked with reduced plasma oxidative stress [57]. Besides 
ascorbic acid, banana is also a rich source of other bioactive 
components such as flavonoids, phenolics, carotenoids, etc., 
that provide several health benefits. Among carotenoids, 
banana consists of lutein and provitamin A carotenoids 
such as a- carotene, B- carotene and B- cryptoxanthin [58]. 
Both, banana peel and pulp are rich in phenolic compounds. 
Hydro cinnamic acid derivatives are major phenolics in pulp, 
whereas, peel consisted mainly of rutin (flavanol glycoside) 
[59]. These phenolics are associated with various health 
benefits such as anti-inflammatory and anti-allergenic, also 
exhibit anti-viral and antibacterial activities [60]. 


Role in Cardiovascular Diseases and Stressful 
Conditions 


Banana is beneficial for cardiovascular and heart 
patients since they are low in fat and contain less sterols 
such campesterol, stigmasterol, and sitosterol. Banana fibre 
content is especially beneficial to heart patients. The heart’s 
function is also regulated by potassium. Banana is a high- 
potassium food that is highly recommended for hypertensive 
patients. Potassium aids in the regulation of water and 
mineral balance in the human body, as well as blood pressure 
regulation [61]. According to research done on people over 
the age of 65, people who consume less potassium are 50 
% more likely to have a stroke. Potassium consumption is 
linked to a lower risk of heart attack and stroke [62]. 


Role in Diabetes 


Banana peel and inflorescence are reported to have anti- 
diabetic activities. Consumption of banana rich in resistant 
starch is also helpful in weight loss [63]. The diet consisting 
of banana flower was fed to the diabetic rats (Streptozotocin 
induced diabetes), it resulted in a decrease in fasting 
blood sugar as well as urine sugar [64]. Type-2 diabetes is 
associated with an imbalance of glucose homeostasis caused 
by the impairment of glucose uptake by the cells as the cells 
become insulin resistant. In the study conducted on Ehrlich 
ascites tumor cells, it was found that extract of inflorescence 
of Musa sp. was effective in stimulating the glucose uptake by 
cells [64]. The flavonoids in banana inflorescence have also 
been found to have improved insulin signaling pathway by 
activating the tyrosine kinase- an insulin receptor [65]. 


Role in Kidney and Bone Health 


Banana is high in potassium, which helps the kidneys 
function properly. It also aids in the treatment of osteoporosis, 
or bone demineralization. Bananas are also high in Vitamin 
C, which aids in the regulation of bone health. Bananas are 
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high in magnesium as well. Magnesium has an important role 
in the structure of cell membranes and bones. Phosphorus 
in bananas interacts with calcium to provide bone strength 
[31]. 


Other Health Benefits 


The fibre content of banana is substantial. Fiber helps 
keep the digestive tract in excellent shape and ensures 
regular bowel movements. Digestive speed is accelerated by 
higher fibre content. The magnesium content of bananas has 
been found to be an effective cancer-fighting agent. Copper is 
a transition metal that plays a role in a variety of enzymatic 
processes in the human body. Magnesium is essential for the 
correct functioning of a variety of enzymes. Magnesium helps 
to keep chromatin and DNA structures stable. Magnesium is 
required to produce several key antioxidants like glutathione. 
Magnesium is the second most abundant intracellular 
element after potassium and the body’s fifth most important 
electrolyte [66]. Phosphorus is an essential component of 
RNA and DNA (Deoxyribonucleic Acid). Banana aids in the 
retention of calcium, phosphorus, and nitrogen, all which aid 
in the maintenance of healthy tissues. Muscle cramps can be 
avoided with a sufficient potassium intake. Potassium also 
aids in the correct functioning of the muscle [31]. 


Juice of banana stem has also been reported to have 
antilithiatic activity, preventing kidney stones formation. 
Stones in the body are mainly formed from traces of 
calcium oxalate and magnesium ammonium phosphate. The 
administration of banana stem juice helped break down and 
prevent the stones in urinary bladder in the case of albino 
rats [67]. 


Banana Derived Products 


Banana Puree 


Banana puree is made by pulping ripe bananas and 
preserving the pulp in one of three ways: aseptic canning, 
acidification followed by conventional canning, or quick- 
freezing. Aseptic canning is used to prepare most of the 
world’s banana puree. Peeled, ripe fruits are fed into a 
pump that drives them through an 8-mm-holed plate, then 
through a homogenizer, a centrifugal deaerator, and finally 
into a receiving tank with a 100-kPa vacuum, where air is 
removed to avoid discoloration. The sterilized puree is then 
aseptically packed into steam-sterilized cans and sealed ina 
steam environment [68]. Plantain texture and organoleptic 
characteristics are altered by blanching in hot water, steam, 
microwave treatment, or calcium chloride treatment. The 
banana pulp is also used in the production of fruit bars 
[69,70]. 


Copyright© Prasad K, et al. 


Banana Jam 


Jam is a product of intermediate moisture that is 
prepared using the pulp of fruits, sugar, pectin, acid, and other 
ingredients that allow the conservation of such products for 
long periods of time, which allows the association of fruits to 
create new flavors. Fruit jam is a product prepared by mixing 
(fruit juice, sugar, pectin, acid) and cooking up to soluble 
solid content of 65% and to a final brix of 70° The low- 
calorie banana jam can be prepared by heating banana pulp 
at temperature 75 - 90°C for a period of 1 -3hrs after adding 
sugar 10-40%. Banana pulp contains 0.7-1.12% pectin which 
is helpful in jam and jellies as a thickener, texturizer, and 
sugar replacer [71-73]. 


Banana Chips/Crisps 


In many banana-growing countries, manufacturing 
banana and plantain chips is a common practice. In 
Bangladesh, chips are the most popular snack in many fast- 
food outlets [74], while in Nigeria; chips are the most popular 
plantain product [75]. Chips may be kept for a long time if 
properly packaged and stored. The maturation stage of the 
banana and the application of antioxidants significantly 
impact the quality and storability of banana chips. Plantain 
chips absorb less frying oil than chips prepared from 
dessert and cooking bananas [76]. Alginate, carboxyl methyl 
cellulose, and pectin are hydrocolloids that have been proven 
to reduce oil absorption in banana chips [77]. 


Plantains also have the advantage of not turning brown 
during chip preparation, and antioxidizing treatments are 
unnecessary [76]. Banana chips could play an important 
role in intervention programs to combat micronutrient 
deficiencies by virtue of their iron, zinc, and total carotenoid 
content. It was already shown that chips made from some 
banana varieties could contribute substantially to the 
recommended daily allowance (RDA) of retinol, iron, and 
zinc of both children and adults [78]. And the vacuum frying 
(VF) method can be used to eliminate oily products and 
retain product quality [79]. 


Banana Flour 


The total starch, resistant starch, and dietary fiber 
levels in green banana flour are all high. Unripe banana flour 
contains antioxidant compounds. Eating unripe bananas 
will prevent you from getting high cholesterol, constipation, 
and colon cancer. Banana flour is produced on a large scale 
by peeling and slicing green bananas, then drying to 8 % 
moisture content in a countercurrent tunnel drier with an 
intake temperature of 75°C and an exit temperature of 45°C 
for 7-8 hours, and then grinding [68]. The right amounts of 
starch and sugar are present in full-matured fruits, resulting 


Prasad K, et al. Technological, Processing and Nutritional Aspects of Banana and Plantain: A Review. 


Food Sci & Nutri Tech 2022, 7(2): 000284. 


Food Science & Nutrition Technology 


in high-quality flour. Because of the high tannin concentration 
in immature fruits, the flour produced tastes bitter and 
astringent. It was discovered that the various dehydration 
processes used to make flour considerably impacted its 
proximate composition and physical properties [80]. 


In a study conducted in Brazil, the chemical composition 
and nutritional value of unripe banana flour were evaluated. 
Dietary fiber was abundant, while accessible starch and 
soluble carbohydrates were in little supply. Phytosterols 
were discovered to be campesterol, stigmasterol, and beta- 
sitosterol. Green banana flour demonstrated significant 
antioxidant activity despite low quantities of minerals, 
phytosterols, soluble carbohydrates, and total polyphenols 
[81]. 


With the emergence of industries that use green and 
ripe bananas, the amount of waste from the banana peel is 
predicted to increase. Banana peels can also be used to make 
flour, as the pulp. The skin of banana includes a lot of dietary 
fiber, mostly hemicelluloses and pectin polysaccharides. 
The flour that had been supplemented with peel exhibited 
increased antioxidant activity and better pasting capabilities. 
Unripe banana flour was acid-treated to generate a fiber- 
rich product that might be useful in the development of 
culinary and medicinal applications [82]. Unripe banana 
and plantain are commonly used to make banana flour. 
Flour made from ripe fruits has the potential to provide new 
industrial and household products. Banana flour is used in a 
variety of culinary preparations and infant food formulas as 
an adjuvant. In Uganda, banana is a popular weaning meal 
[83]. Due to the starch content of the pulp and high amounts 
of cellulose, hemicelluloses, and lignin, an unripe banana is 
a rich source of indigestible carbohydrate. Bread prepared 
largely from banana flour included substantially more 
resistant starch, dietary fibre, and indigestible components 
than bread made mostly from wheat flour. Banana flour- 
based baked goods have a low glycemic index and might be 
utilized as a dietary supplement for those with low caloric 
intake [84]. Bananas have a wide diversification in terms 
of their products. Processing banana into banana flour is a 
good diversity manifestation for people’s food. Processing 
bananas into banana flour is a good example of how people’s 
diets can be diverse. 


Banana Starch 


Starch is the most significant carbohydrate source in the 
food, accounting for 80-90% ofall polysaccharides consumed. 
Digestible and resistant starch are the two kinds of starch. In 
the largest banana-producing countries, the manufacture of 
starch from discarded bananas may be a significant source 
of revenue and employment [85]. Green bananas have a lot 
of starch in them, mostly in the form of resistant starch [86]. 
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The starch extracted from green banana flour has a high 
viscosity and a good tendency to retrograde [87]. Because 
of its relevance for food and other industrial reasons, there 
is a rising interest in processing banana starch [86,88]. A 
number of studies on the separation and characterization of 
starch from various banana cultivars have been undertaken 
[89-92]. This research revealed that banana starch has the 
potential to be utilized in processed meals and to become a 
commercially viable starch due to its digestive and functional 
characteristics. These investigations also revealed that 
banana starch is not recommended for use in frozen goods 
due to its low freezing stability. 

Banana starch might be used in foods that need high- 
temperature processing, such as jellies, sausages, baked 
goods, and canned goods [33]. Chemical modifications of 
banana starch can enhance the chemical characteristics 
of the starch. Phosphorylated and hydroxy propylated 
banana starches, for example, improved clarity, whereas 
phosphated starches demonstrated the greatest freeze-thaw 
performance [87]. 


Banana Juice 


Bananas have a distinctive flavour and aroma, and 
they will be able to compete well in the fruit juice market, 
whether as banana juices or combined with other juices. 
Simple pressing or centrifugation will not generate juice 
from banana pulp because it is too pectinaceous [93]. This 
approach results in a sticky, lumpy mass that is devoid 
of juice [94]. As a result, several methods for extracting 
banana juices have been used. Calcium oxide and sulfuric 
acid were used in previous juice extraction procedures. A 
clear translucent juice to the extent of 75-80 percent of pulp 
weight may be produced by pectolytic enzyme clearing, with 
a TSS concentration of 23-26°Brix depending on the cultivar 
[95]. By adjusting the TSS to 18-20°Brix and the acidity to 0.3 
% using sugar, citric acid, and water, the clarified juice might 
be dispensed as a “ready-to-serve” (RTS) beverage. After 
cooling, it becomes a delicious thirst-quenching and healthy 
beverage. When generating banana juice, the combinations 
of pectinase, cellulase, and hemicellulase were more efficient 
in decreasing viscosity and increasing filterability of both 
green and ripe banana purees [96]. 


Banana Beer and Wine 


Making banana beer and wine by fermenting banana 
juice is an age-old custom. The juice from ripe “beer banana” 
fruits is drunk either fresh or fermented to a low alcohol 
level with a short shelf life in Central and East. In East Africa, 
there are four primary phases in making banana beer: (1) 
green banana forced maturation, (2) pressing and mixing, 
(3) filtered juice recovery and fermentation, and (4) racking, 
filtering, and chilling [97]. 
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Many researchers from various continents have reported 
on ways for making banana wine from various banana types 
[95,98,99]. One technique involves crushing ripe pulp with 
about 10% water, then sterilizing and inoculating with 
wine yeast, Saccharomyces cerevisiae var. ellipsoideus, and 
incubating at 24-26°C for 7 days with occasional aeration 
after adjusting the TSS to 26°Brix. After a week, the fermented 
juice is filtered and stored for secondary fermentation under 
anaerobic circumstances with a water seal. The secondary 
fermentation is finished after another two weeks. The wine 
is racked or centrifuged before being bottled and pasteurized 
for 20 minutes at 50°C. The pasteurized wine is aged to give 
it a distinct flavour and aroma [95]. 


Banana Waste Utilization 


Banana being the highest biomass generating fruit 
crop yield substantial amount of waste during the growth 
and after the harvest of the fruits, which may effectively be 
utilized into various byproducts. The pseudo stem of banana 
is fibrous and is used to make ropes for agriculture use 
locally and textile globally. Even the pseudo stem is degraded 
and utilized for growing mushroom. Banana leaves can be 
found in abundance in banana-growing regions. Leaves 
are traditionally used to serve meals. During the cooking 
process, several dishes are wrapped in banana leaves. Banana 
leaves are dried and used as a cooking fuel to meet the local 
requirements at domestic and agricultural purposes. Banana 
waste is high in cellulosic matter and is also used to make 
paper. The fibres from banana waste are extracted using both 
manual and mechanical processes [100]. The banana peel is a 
great site for filamentous fungus to attach itself. Banana peel 
is often used as the better support-substrate for solid-state 
fermentation (SSF) operations due to its fungal adhesion 
characteristic with high fermentable sugar content [101]. 
Banana fibre has other applications too as it acts as a natural 
absorbent for spillages, including oil; as a base material for 
bioremediation and recycling; as a natural water purifier; 
for handicrafts and textiles; for printing currency; and as a 
cottage industry for handicrafts [102,103]. 


Conclusion 


There has already been abundant research to show 
that banana appears to offer a wide range of medicinal 
properties. However, data is scarce to back up specific 
medical or functional advantages. Plantain is a good source 
of resistant starch. The physiological effects of resistant 
starch are comparable to those of dietary fiber. Green banana 
flour is a low-cost, high-nutrient ingredient that can help 
reduce banana waste. Many studies have shown that using 
green banana flour as a partial replacement for wheat flour 
has positive effects. There is evidence that green banana 
flour might be a novel product with several advantages for 
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both the food industry and consumers and can be effectively 
utilized in further developing various functional foods. Green 
banana products are becoming increasingly popular owing 
to their nutritional value and physiological advantages to 
human health. The use of the green banana in gluten-free 
food manufacturing might assist improve the nutritional, 
sensory, and technological quality of these goods. Green 
banana appears to be an excellent source of fiber, vitamins, 
minerals, and bioactive substances including phenolic 
compounds and resistant starch (RS), all of which contribute 
to their health benefits. Thus, considering the facts if banana 
cultivation is emphasized then banana production will 
substantially improve, which can be a potential effort toward 
solving global hunger problem to significant extent. 
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